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Abstract 
 
Since World War II, nitro compound-derived explosives such as TNT, RDX, and HMX have been 
used for various purposes and have caused the environmental problem in groundwater and soil. Among 
them, 2,4,6-trinitrotoluene (TNT) is one of the most widely used explosives in the field of military and 
construction industries and leads to the DNA damage and mutations in animals, plants and 
microorganisms. However, it is recalcitrant due to its physical and chemical properties, so the complete 
removal of TNT is considered hard. Recently, to solve the environmental problem caused by TNT, 
bioremediation using microorganisms has been issued as one of the methods to remove the explosives, 
especially TNT. For this purpose, we isolated and identified the bacterial strains which can grow in TNT 
and degrade it to reduce its toxicity, from shooting range of Korean army located on front and rear of 
Korea. The strain having high similarity with Pseudomonas putida, which occupies dominant number 
after isolation and selection, is chosen for this study and shows utilization of TNT as sole nitrogen 
source in TNT-containing medium and release of nitrite and degradation of TNT as detoxification of 
TNT. We expect the strain can be applied for purification and management of TNT-contaminated soil. 
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1. Introduction 
 
Since World War II, nitro compound-derived explosives such as TNT, RDX, and HMX have been 
used for various purposes and have caused the environmental problem in groundwater and soil. At the 
same time, the treatment after their uses also have been essential because the nitro compound explosives 
are xenobiotic compounds that are synthesized aritificially, not naturally, and toxic to the organisms.1 
Among them, 2,4,6-trinitrotoluene (TNT) is one of the most widely used explosives in the field of 
military and construction industries and leads to the DNA damage2 and mutation3 in animals, plants, 
and microorganisms. Due to its chemical stability, TNT is recalcitrant to remove completely once soil 
or groundwater is contaminated by TNT. Thus, the solutions to remove TNT from its contaminated soil 
and groundwater, are needed and one of them on suggestion is bioremediation by microorganisms. 
 
 
Figure 1. Nitro compound explosives used in this study 
 
1.1 Nitro compound explosives 
The basic structure of nitro compound explosives is one or more nitro groups attached to backbone 
of a carbon chain or a ring of carbon. Nitro group is one of the most commonly used functional group 
as explosophore that giving explosive property to the chemical compounds. In the reaction of explosion, 
nitrogen atoms of nitro group are converted to diatomic nitrogen molecules (N2) which is stable form 
of nitrogen atoms and makes the overall reaction strongly exothermic. Thus the formation of N2 is 
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highly energetically favourable during the explosion of nitro compound and the heat and gas produced 
from the reaction influence to the intensity explosion at the aspect of pressure and shock.4 For that 
reason, nitro compound explosives including TNT have been used for globally for a long time. Among 
them, 2,4,6-trinitrotoluene has been one of the most widely used nitro compound explosives in the field 
of military and construction industries since the first synthetic method was developed by Joseph 
Wilbrand in 1863.  
In addition, the production of nitro compound explosives as well as TNT has been increased 
explosively since Haber process was invented to produce ammonium (NH4+) ion which is the source of 
explosives in production during World war I and due to its chemical properties such as its low melting 
point, its stability, low sensitivity to impact, friction, and high temperature.5 However, its symmetrically 
stable structure as nitro groups attached to the aromatic ring of TNT make it recalcitrant in the removal 
of TNT. In TNT-contaminated soil after its use, TNT should be removed because it leads to DNA 
damage2 and mutations3 to organisms behind its convenient use in various fields that need explosion. 
There are a lot of methods struggling to remove TNT from its contaminated soil but it cannot achieve 
the complete removal of TNT. Finally, bioremediation using microorganisms can be the one way at the 
aspect of detoxification of TNT and utilization of TNT as nitrogen and carbon sources. 
 
 
Figure 2. Degradation pathway of 2,4,6-Trinitrotoluene in microorganisms 
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Figure 3. Release of nitrite from TNT through meisenheimer complex 
 
1.2 TNT metabolism in microorganisms 
TNT can induce reproductive toxicity via oxidative damage to DNA of animal cells and also leads to 
mutagenicity to DNA of microorganisms whereas the major metabolites from reduced TNT show less 
toxicity and mutagenicity than TNT2,3. In biodegradation process by microorganisms, complete removal 
of TNT means nitro groups attached to the aromatic ring of TNT are released from TNT as the nitrite 
(NO2-) ion or reduced to amino group (-NH2) with it attached, which eventually reduced to ammonium 
(NH4+) ion form to be utilized as nitrogen source through its utilizing pathway (fig. 2). Finally, C 
skeleton has been degraded to amphibolic intermediates followed by oxidization to CO2 through TCA 
cycle after nitro group have been removed.6 In the microorganisms that have metabolic pathway for 
degradation of toluene, for example TOL operon which perform sequential oxidation of methyl group 
attached to the aromatic ring of toluene into aldehyde and acid in order, toluene as C skeleton can be 
oxidized, its aromatic ring cleaved and its metabolites entered into TCA cycle (Tricarboxylic acid cycle, 
Krebs cycle)7,8. However, the previous studies and reports that microorganisms use TNT as carbon 
source are rare.  
Thus, removal of nitro group from the aromatic ring of TNT can decrease toxicity of TNT, leading 
to the detoxification of TNT. There are some bacterial strains that are previously investigated to have 
the above mechanism about removal of nitro group. First of all, direct release of nitrite from the aromatic 
ring of TNT by the enzyme required NADPH as cofactor.9 Three enzymes participating release of nitrite 
from TNT in the presence of NADPH are well-known for its characterization of releasing nitrite, N-
ethylmaleimide (NEM) reductase of Escherichia coli10, xenobiotic reductase B (XenB) of Pseudomonas 
fluorescens I-C11, and pentaerythritol tetranitrate reductase (PETN) reductase of Enterobacter cloacae 
PB2.12 From their studied mechanism in previous research, nitrite ion is released from the aromatic ring 
through the formation of intermediate, hydride-meisenheimer complex, which is provided by the 
hydrogen from NADPH in enzyme reaction of nitro reductase (Fig. 3).13 Eventually, 2,4-DNT (DNT) 
is produced from TNT with release of nitrite. Except those enzyme, there are unknown enzymes 
participating the release of nitrite and targeting nonspecifically to nitro group. As a result, nitrite ions 
(NO2-) released from the aromatic ring of TNT can be used for the utilization as nitrogen source after 
reduction to ammonium ion through related metabolic pathway and the surplus concentration of nitrite 
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is accumulated in supernatant of medium. In addition to release of nitrite, nitro group can be reduced to 
amino group through the formation of hydroxylamino group (Fig. 2a). During the reduction of nitro 
group attached to the aromatic ring of TNT, not released from TNT, the reductase enzyme 
nonspecifically targeting to nitro group participate in the formation of hydroxylaminodinitrotoluene 
(HADNT) followed by the production of aminodinitrotoluene (ADNT). In the process of production of 
HADNT, it can react with intermediate having nitrosonium (NO+) ion to produce azoxynitrotoluene.14 
The intermediates from reduced TNT are known to be relatively less toxic to the organisms than TNT. 
Furthermore, amino group, reduced form of nitro group, can be released and reduced to ammonium ion, 
which can be utilized as nitrogen source, differently from release of nitrite. In biodegradation pathway 
of TNT, there are various form of intermediates is produced and the mechanism are highly diverse 
according to the bacterial strains that have biodegradability to TNT. This complex biological 
degradation mechanism can make the bacterial strains can remove TNT as the aspect of bioremediation. 
 
 
Figure 4. PCR-based identification method by sequencing 16S rRNA gene 
 
1.3 Identification of unknown bacterial strains 
To identify the species of unknown bacterial strains are essentially required to provide the 
information of them before the experiment.15 Basically, the optimal culture condition for the bacteria is 
different in temperature and the composition of nutrient such as carbon source, nitrogen source, and 
vitamins that is possibly utilized in the strain by whether the strain have the metabolic pathway related 
to the nutrient.16 In identification of bacterial stains, there are some methods to analyze the species of 
them such as the composition of cellular Fatty acids17 and DNA hybridization. The foregoing methods 
of identification takes complex process and is time-consuming for the preparation of samples. There is 
simple method of bacterial strain identification which is PCR-based method, 16S rRNA gene analysis.15, 
18 It.is one of the simple and fundamental method to identify the species of bacterial strains. 16S rRNA 
is the ribosomal RNA composing 30S subunit of ribosome and participates in the process of ribosome 
binding to Shine-Dalgarno sequence in translation of prokaryotes.19 It has conserved sequence and non-
conserved sequence. Most of sequence are highly conserved but some sequences at specific position is 
not conserved. Diversity of non-conserved sequence among the bacterial stains can be the indicator to 
identify the species. By PCR and sequencing of 16S rRNA gene, we can identify the strain at its species 
level by comparison of sequence. 
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2. Materials and Methods 
 
2.1 Enrichment to screen bacterial strains grown in TNT 
The soil samples were collected according to the position of shooting range in Korean army placed 
on Jeolla-do Jangseong and Gyeonggi-do Pocheon of Korea in 32 positions in summer (2015) and on 
Jeolla-do Jangseong in 12 positions in winter (2016), respectively. To screen the bacterial strains which 
grow in explosives and have biodegradability to each explosive, we enriched the 1 g of soil samples in 
5ml of medium consisting of KH2PO4 2.78g; Na2HPO4 2.78g; succinate 5mg per liter.20 100mg/L of 
TNT, 100 mg/L of DNT, 15 mg/L of RDX and 15mg/L HMX each independently as nitrogen source 
was provided into the medium to select bacterial strains that can utilize each explosive as nitrogen 
source. The culture medium was incubated at 30 ℃, 150 rpm. For every two weeks, the medium with 
grown cell was inoculated into 5 ml fresh media and totally five times of the subculture was done during 
three months. After the enrichment culture, the grown cell was spread on Luria Broth (LB) agar plates 
and three colonies on each plate randomly were picked up to next experiment. 
 
2.2 Selection of bacterial strains isolated from enrichment culture 
The bacterial strains isolated after enrichment culture and selected randomly from spreads on LB 
agar plate, were cultured to confirm their growth in TNT-containing medium. The composition of 
medium is same as enrichment medium with KH2PO4 2.78g; Na2HPO4 2.78g; succinate 5mg per liter 
and 100mg/L of TNT. The culture medium was incubated at 30 ℃, 150 rpm for 2 weeks. The 
absorbance of growth after 2 weeks as final OD was measured by Libra spectrophotometer at 600nm. 
 
2.3 Identification and grouping 
The identification of bacterial strains after selection was done by PCR-based identification method, 
16S rRNA gene sequencing15 The universal primer which target to 16S rRNA gene of gram-negative 
bacteria, with Forward primer, 8F and 805F, and reverse primer, 518R and 1525R (Fig. 4). The primers 
were provided by Macrogen (Korea) and their sequences are described in Table 2. The polymerase 
chain reaction (PCR) was performed following the condition, 2 min at 95 ℃, followed by 30 cycles of 
(40 sec at 95 ℃, 40 sec at 55 ℃, 45 sec at 72 ℃) and finally 5 min at 72 ℃. Its closest strain and 
similarity were analyzed by ezbiocloud (www.ezbiocloud.net) which provides the taxonomical 
affiliation based on the 16S rRNA gene sequence. The similarity among bacterial strains of the samples 
was aligned to compare their sequences using BLAST (Basic Local Alignment Search Tool) provided 
by National Center for Biotechnology Information (NCBI) of U.S department of National Institutes of 
Health (NIH). 
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Table 1. Bacterial strains used in this study 
Samples Closest strain Ref. 
T1 Pseudomonas protegens This study 
D1-1 Pseudomonas putida This study 
T30 Cupriavidus basilensis This study 
 
 
 
 
 
Table 2. List of primers used in this study 
Primer Sequence Ref. 
8F AGAGTTTGATCCTGGCTCAG Turner et al. 199921 
518R ATTACCGCGGCTGCTGG Muyzer et al. 199315 
805F GATTAGATACCCTGGTAGTC Herlemann et al. 201122 
1525R AAGGAGGTGATCCAGCC Frank et al. 200823 
 
 
 
 
 
2.4 Growth condition 
Representative bacterial stain occupying dominant number as a result of enrichment and grouping, 
T1, its closest strain as P. protegens, T30, its closest strain as C. basilensis, D1-1, its closest strain as P. 
putida were culture to confirm their growth and release of nitrite in the presence of TNT. The culture 
medium as M8 medium, which is identical to the composition to M9 except NH4Cl, consists of 22.0 
mM KH2PO4, 47.8 mM Na2HPO4, 8.56 mM NaCl, 831 μM MgSO4, further 0.1g/L of yeast extract and 
TNT according to the concentration 100mg/L and 200mg/L. The strains used in the experiment were 
incubated in the 5 ml of LB medium for 16 hours and then inoculated into 50ml M8 medium as 1:100 
dilution factor. The culture medium of samples in 50ml of flask were incubated at 30 ℃, 150 rpm for 
48 hours. The absorbance of grown cell was measured at 2, 4, 6, 8, 12, 18, 24, 36, 48h by Libra 
spectrophotometer at 600 nm. 
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2.5 Nitrite assay 
The concentration of nitrite accumulated in supernatant of culture medium was assayed 
colorimetrically with Griess reaction by related reagent. To a 600 μl of supernatant of culture medium, 
200 μl of 10mg of sulfanilamide/ml in 0.68 M HCl and 40 μl of 10 mg of N-(1-
naphthyl)ethylenediamine/ml in water were added. For giving efficient time to ensure stable color 
formation the samples was allowed to stand for more than 10 min after being mixed. Absorbance of 
Azo compound synthesized from Griess reaction was measured by 540 nm. Sodium nitrite was used as 
a standard according to its concentration 0, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100μM. 
 
2.6 Growth condition for utilization of TNT as sole nitrogen source 
The composition of culture medium was defined to limit the nitrogen source and confirm the 
utilization of TNT as sole nitrogen source as M8 medium, which is identical to the composition of M9 
medium without nitrogen source (NH4Cl), consisting of 22.0 mM KH2PO4, 47.8 mM Na2HPO4, 8.56 
mM NaCl, 831 μM MgSO4. As nitrogen source, 0.44 mM (100 mg/L) of TNT and 5 mM NH4Cl were 
additionally provided into four independent medium; i) no nitrogen source without NH4Cl and TNT, 
ii)_only TNT and no NH4Cl, iii) only NH4Cl and no TNT, and iv) both NH4Cl and TNT. For sufficient 
supplement of carbon source not to be limited, 2% of glucose was provided into all four medium. The 
strain used in the experiment was incubated in the 5 ml of M9 medium for 16 hours and then inoculated 
into 50ml of four-independent medium as 1:100 dilution factor. The culture media of samples in 50ml 
of flask were incubated at 30 ℃, 150 rpm for 14 days. The absorbance of grown cell was measured by 
Libra spectrophotometer at 600 nm.  
 
2.7 HPLC analysis for measuring reduced concentration of TNT  
During the incubation, 1ml samples were collected at 0, 4, 8, 12, 20, 28, 36, 48 h to identify the 
degradation of TNT by HPLC analysis. The cells were harvested by centrifuged at 9,000 x g for 1h at 
4 ℃. Cell pellets were extracted by vortexing three times for 1min with 1 ml acetonitrile. Culture 
supernatants were acidified with 1N HCl 160 μl per 1ml sample and then extracted twice with equal 
volume of ethyl acetate. After acidification and extraction, H2O was removed from the extracts using 
anhydrous Na2SO4. Then excess solvent was removed from the extracts by rotatory evaporator at 35℃. 
Then Finally, the concentrated extracts were preserved in 1 ml acetonitrile for HPLC analysis24. The 
mobile phase for HPLC analysis is 50:50 (v:v) methanol : water at the flow rate of 0.8 ml/min and at 
room temperature using reverse-phase column, Zorbax Eclipse XDB C18 (4.6 mm x 150 mm, 5 μm). 
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3. Results 
 
3.1 Selection of the bacterial strains expect to degrade TNT 
In the sample name, T1 means the samples was isolated from 1 position of shooting range that we 
collected the soil sample and selected in TNT medium during enrichment culture. D, R, and H mean 
the samples were selected in DNT, RDX, and HMX in order. To isolate and select the bacterial strains 
expected to grow in TNT and have biodegradability to TNT, we collected the soil samples from TNT-
contaminated soil of shooting range of Korean army placed on front and rear province of Korea. The 
soil samples, 32 positions in summer and 12 positions in winter according to the position of shooting 
range were collected and cultured in explosive-containing medium for the selection. Through the 
enrichment, the bacterial strains which have better biodegradability than other strains become dominant 
number in the culture medium through 5 times of subculture. After the enrichment culture, 26 strains 
from summer samples as 22 samples from TNT, 2 samples from DNT, 2 samples from RDX and no 
samples were isolated from HMX. The samples were selected based on whether the strains were grown 
to be over the 0.3 of optical density in TNT-containing medium by additional culture for 2 weeks (data 
not shown). Although the samples were selected from various explosives, not only TNT, we confirmed 
the growth in TNT because we focused on bioremediation of TNT and previous study shows the strain 
able to degrade nitro compound explosives except TNT can be expected to degrade TNT because there 
are unknown nitro reductase enzyme participating in release of nitrite from or reduction of nitro group 
attached to the aromatic ring of TNT.25 In winter samples, 40 samples were selected without additional 
culture to confirm the growth in TNT after 1 g of each soil sample from 12 positions were cultured 
together in single medium, not according to the positions collected in the shooting range. 10 colonies 
were selected randomly after spreads on LB agar plate. This is for investigating the dominant number 
of bacterial species after enrichment. 
  
3.2 Identification and grouping 
16S rRNA gene sequencing is PCR-based identification method which is one of the simple and 
fundament method used in phylogenetic affiliation. The size of gene sequence is 1500-1600 bps and 
has highly conserved sequence among the prokaryotes and non-conserved sequence among different 
species of bacterial strains. By comparing the non-conserved sequence to the data on ezbiocloud 
providing 16S rRNA gene sequence of bacterial strains that were already identified and phylogenetic 
information.26 After the selection and isolation of bacterial strains from the enrichment, we identified 
the species of them to know the information of them and do grouping of dominant number of strains 
based on the similarity of 16S rRNA gene sequences among the selected strains. We used the universal 
primers 8F and 1525R primers to amplify the 16S rRNA gene of selected strains, targeting to gram-
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negative bacteria. Totally 16S rRNA gene of 66 samples (26 in summer and 40 in winter) of bacterial 
strains were amplified and shown to confirm with their size as approximately 1600 bps through the gel 
electrophoresis (Fig. 5). Due to limitation of gene sequencing size and low quality of both sides of 
unwritten sequences, we used the 8F and 1525R sequencing primer and additional primers, 518R and 
805F, which can read the sequences of 16S rRNA gene from inside to outside. The samples in this study 
was named as the example, A1-1; A can be replaced with T which was selected in the medium including 
TNT; D was DNT, R was RDX; H was HMX. The number next to capital letter (T, D, R, and H) implies 
the position of soil samples that we collected to manage the samples. The number connected with 
hyphen (-) means that there are more than one bacterial strain found at the same position of soil samples. 
Additional letter, W, means the bacterial strain collected in winter. 
Using the sequencing data of 16S rRNA genes by 66 samples, we compare the sequences of them 
each other to find taxonomically similar strains among selected strains. We grouped the strains in the 
criterion of more than 99 % of similarity between 16S rRNA gene sequences. In the result shown in 
Table 3. 39 strains (T6-1, T6-3, T8-1, T8-2, T9, T10-1, T10-2, T15, T16, T17, T19-1, T23, D1-1, D1-2 
in summer samples and T3, T4, T5, T7, T9, D2, D3, D4, D6, D8, R1, R2, R6, R7, R8, R9, H1, H2, H5, 
H6, H8, H9 in winter samples) were grouped as most dominant number of strain from the enrichment 
and their representative strain were selected D1-1 samples that identified as the closest strain with 
Pseudomonas putida that shows 99.86 % of similarity. Second dominant number of strains were 
grouped as the number of 10 strains (T1 in summer samples and T1, D5, D7, R3, R4, R5, H3, H4, H7 
in winter samples) and their representative strain was T1, identified as the closest strain Pseudomonas 
protegens with 99.93% of similarity. 6 strains (T2, T27, T28, T30, T31, R2 in summer samples) were 
grouped as third dominant number of strain identified as Cupriavidus basilensis with 99.71 % of 
similarity. The representative strains were selected, based on the strain having the highest similarity to 
its closest strain among the grouped strains. Except the above strains, there were no significant similarity 
among the strains. Another noticeable outcome from the result of identification and grouping, the strain 
was investigated which is expected to be newly discovered. The strain was selected from enrichment in 
RDX and has 98.75% of similarity with its closest strain, Novosphingobium sediminicola.27 This 
discovery of new strain is now co-worked with the laboratory specialized for the identification of new 
strain in Chung-Ang University. In conclusion, we can arrange most dominant strain expected to have 
better biodegradability that other minor strains as the result of enrichment and grouping by comparison 
of 16S rRNA gene sequences. In growth study, D1-1 sample strain was used to confirm their growth in 
TNT-containing medium and whether it detoxifies TNT when grown. 
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Table 3. Bacterial strains isolated and selected from soil samples 
Sample Closest strain 
T1 Pseudomonas protegens 
T2 Cupriavidus numazuensis 
T3 Stenotrophomonas maltophilia 
T6-1 Pseudomonas hunanensis 
T6-2 Paraburkholderia terrae 
T6-3 Pseudomonas hunanensis 
T8-1 Pseudomonas putida 
T8-2 Pseudomonas putida 
T9 Pseudomonas taiwanensis 
T10-1 Pseudomonas taiwanensis 
T10-2 Pseudomonas plecoglossicida 
T15 Pseudomonas putida 
T16 Pseudomonas plecoglossicida 
T17 Pseudomonas hunanensis 
T19-1 Pseudomonas soli 
T19-2 Stenotrophomonas maltophilia 
T23 Pseudomonas putida 
T27 Cupriavidus basilensis 
T28 Cupriavidus basilensis 
T30 Cupriavidus basilensis 
T31 Cupriavidus basilensis 
T32 Ochrobactrum intermedium 
D1-1 Pseudomonas putida 
D1-2 Pseudomonas putida 
R1 Novosphingobium sediminicola 
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R2 Cupriavidus basilensis 
T1_W Pseudomonas putida 
T2_W Pandoraea sputorum 
T3_W Pseudomonas putida 
T4_W Pseudomonas putida 
T5_W Pseudomonas putida 
T6_W Pandoraea sputorum 
T7_W Pseudomonas putida 
T8_W Achromobacter marplatensis 
T9_W Pseudomonas hunanensis 
T10_W Achromobacter marplatensis 
D1_W Pandoraea sputorum 
D2_W Pseudomonas seleniipraecipitans 
D3_W Pseudomonas taiwanensis 
D4_W Pseudomonas monteilii 
D5_W Pseudomonas yamanorum 
D6_W Pseudomonas entomophila 
D7_W Pseudomonas grimontii 
D8_W Pseudomonas hunanensis 
D9_W Pseudomonas yamanorum 
D10_W Pseudomonas salomonii 
R1_W Pseudomonas putida 
R2_W Pseudomonas hunanensis 
R3_W Pseudomonas mucidolens 
R4_W Pseudomonas meridiana 
R5_W Pseudomonas grimontii 
R6_W Pseudomonas hunanensis 
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R7_W Pseudomonas putida 
R8_W Pseudomonas cremoricolorata 
R9_W Pseudomonas hunanensis 
R10_W Pseudomonas seleniipraecipitans 
H1_W Pseudomonas putida 
H2_W Pseudomonas hunanensis 
H3_W Pseudomonas mandelii 
H4_W Pseudomonas grimontii 
H5_W Pseudomonas hunanensis 
H6_W Pseudomonas putida 
H7_W Pseudomonas grimontii 
H8_W Pseudomonas hunanensis 
H9_W Pseudomonas hunanensis 
H10_W Pseudomonas yamanorum 
 
 
 
 
Table 4. Grouping of isolated bacterial strains 
Sample Closest strain Similarity (%) 
Number of strains having 
similarity higher than 99% 
D1-1 Pseudomonas putida 99.86 39 
T1 Pseudomonas protegens 99.93 10 
T30 Cupriavidus basilensis 99.71 6 
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Figure 5. PCR products of 16S rRNA gene using isolated bacterial strains 
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3.3 Growth of D1-1 samples strain in TNT and release of nitrite 
 
 
 
Figure 6. Growth of isolated bacterial sample strain in TNT-containing medium and 
concentration of released nitrite in supernatant 
(a) Growth of D1-1 sample strain (Closest strain: Pseudomonas putida) with 0.44 mM (100 mg/L) of 
TNT (red line), 0.88 mM (200 mg/L) of TNT (green line) and no TNT (blue line) and (b) the 
concentration of nitrite in supernatant with 0.44 mM (100 mg/L) of TNT (red line), 0.88 mM (200 mg/L) 
of TNT (green line) and no TNT (blue line) 
 
Using the D1-1 sample strain which occupies dominant number as 39 strains among total 66 samples, 
the growth was measured when the strain was incubated in TNT-containing medium. The culture 
medium was identical to M9 minimal media except NH4Cl with additional yeast extract as nutrient 
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Figure 7. Comparison of growth D1-1 (Pseudomonas putida) and the type strain of Pseudomonas 
putida, Pseudomonas putida KT2440. 
Pseudomonas putida KT2440. Open squares, P. putida KT2440 with 200 mg/L TNT; Open circles, P. 
putida KT2440, with 100 mg/L TNT; Open triangles, P. putida KT2440 without TNT.  
D1-1 sample strain. Solid squares, D1-1 with 200 mg/L TNT; Solid circles, D1-1 with 100 mg/L TNT; 
Solid triangles without TNT. 
 
sources. The cell is grown slowly in week-scale culture to reach its stationary phase and final OD at the  
stationary phase is highly low around 0.5-0.6 when incubated in the medium containing only use of 
TNT as nitrogen source with supplement of carbon source in minimal media.28,29 In the case, the 
concentration of nitrite, which are released from the aromatic ring of TNT and can be the trace of 
degradation of TNT, is extremely low to be measured by nitrite assay for Griess reaction. For that reason, 
yeast extract was supplemented for better growth in day-scale culture and to measure nitrite 
concentration as the indicator of biodegradation to TNT. In addition, TNT was provided according to 
the concentration as 100mg and 200mg per liter to confirm the toxicity of TNT to the growth of bacteria. 
In figure 6a, the growth curve shows the strain can grow in TNT-containing medium and grow better 
when the higher concentration of TNT was provided than no TNT provided. Originally, the strain not 
having the enzyme participating in the removal of nitro group from the aromatic ring of TNT cannot 
survive in the environment surrounded by TNT. The toxicity of TNT is already known as leading to 
DNA damage and mutations to organisms including bacteria. 
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However, the representative D1-1 sample strain selected after enrichment and grouped with dominant 
number of strains can grow in TNT with release of nitrite (Fig. 6b) as the trace of biodegradation to 
TNT by enzyme reaction expected to be NADPH-dependent nitro reductase. The nitrite which was not 
utilized as nitrogen source can be accumulated in the supernatant of culture medium. These increased 
concentration of nitrite in supernatant when the cell is grown according to the increased concentration 
provided into the medium, can indicate the strain can grow in TNT-containing medium with detoxifying 
the TNT at the same time. Although the strain reach to the stationary phase in growth, the concentration 
of nitrite accumulated increases continuously due to the enzymatic reaction related to the release of 
nitro group from the aromatic ring of TNT. Moreover, the final OD at the stationary phase become 
gradually higher with increased TNT concentration provided from no TNT to 200mg/L of TNT. When 
TNT is provided into the medium, the final OD at the stationary phase was higher according to the 
concentration of TNT in the medium as 0.629 at 200mg/L of TNT, 0.573 at 100mg/L of TNT, and 0.442 
at no TNT. No growth was shown in the medium that the strain was not inoculated. It can be also the 
trace of nitrogen source utilization of TNT. However the composition of yeast extract consists of various 
carbohydrates and amino acids and also hard to limit carbon source. Thus we check the growth to 
confirm the utilization of TNT as sole nitrogen source by limiting nitrogen source. By comparison of 
the D1-1 sample strain growth with type strain of Pseudomonas putida, Pseudomonas putida KT2440 
(Fig. 7), its growth as the final OD at the stationary phase with no TNT, was same at 0.4-0.5. However, 
D1-1 sample strain show much higher final OD at each concentration of TNT provided with 100mg and 
200mg of TNT per liter. In conclusion, D1-1 strain, representative strain of dominant number of strains 
after enrichment, showed the growth despite of toxicity of TNT and biodegradation of TNT with the 
removal of nitro group from the aromatic ring of TNT that reduces the toxicity of TNT. Further growth 
study for confirming the utilization of TNT as sole nitrogen source was carried out  
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3.4 Utilization of TNT as sole nitrogen source in growth 
 
 
Figure 8. Growth of D1-1 sample strain with utilization of TNT as sole nitrogen source and 
limiting nitrogen source of NH4Cl 
Growth of D1-1 sample strain (Closest strain: Pseudomonas putida) with 5mM NH4Cl and 0.44 mM 
(100 mg/L) of TNT (green line), with only 5mM NH4Cl and no TNT (red line), with only TNT and no 
NH4Cl (purple line), and with no TNT and NH4Cl (blue line). 
 
In the experiment in growth using yeast extract-containing media, increased growth at final OD at 
stationary phase was shown according to the increased concentration of TNT provided. However, the 
composition of nutrient in the yeast extract-containing medium was not exactly calculated and there are 
various carbohydrates and amino acids. Thus, we cannot be sure that the difference of growth with final 
OD at stationary phase cannot indicate utilization of TNT as nutrient sources because there are no exact 
limitation of nitrogen source. Thus, further growth study was carried out by limiting nitrogen source. 
In order to provide glucose as carbon source sufficiently not to be limiting reagent, we check the growth 
when 5 mM NH4Cl was provided according to the concentration of 0.5 %, 1 %, 2 % and 4 % glucose. 
There was no increase of the growth in the medium containing 1 % glucose when 5 mM NH4Cl was 
provided, 2 % glucose was chosen to be supplemented into the M8 medium. Limited quantity of 
nitrogen source was provided with 5 mM NH4Cl. As a control group (blue line), the growth without 
TNT and NH4Cl shows the utilization of remaining nutrient as carbon and nitrogen source when 
inoculated into fresh culture media including only carbon source and no nitrogen source. When NH4Cl 
was provided into the medium (green line and red line), the culture medium shows similar growth 
pattern showing the OD as 1.2-1.4 at the stationary phase. However, after 140 h, the culture medium 
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containing both TNT and NH4Cl shows gradual increase over the only NH4Cl containing culture 
medium and shows final OD as -1.8 at the stationary phase. The nitrogen source was limiting reagent 
for the growth and glucose was sufficiently supplemented, thus TNT was utilized as nitrogen source 
after all consumption of NH4Cl. In purple line with the culture medium containing only TNT and no 
NH4Cl, also shows the growth as above 0.4 of final OD at the stationary phase, compared to the control 
group that does not have nitrogen source except remaining quantity from subculture. 
 
3.5 HPLC analysis for biodegradation of TNT 
 
 
Figure 9. Concentration of reduced TNT 
 
The release of nitrite from the aromatic ring of TNT can be the trace of detoxification of TNT as the 
way of nitro group removal. However, quantitative analysis for the concentration of reduced TNT when 
the cell is grown in the medium including TNT is required for confirming the biodegradation of TNT. 
In the growth study using D1-1 sample strain in yeast extract-containing medium, 1 ml samples were 
collected from the culture medium initially containing 0.44 mM (100 mg/L) of TNT to check the 
reduced concentration of TNT by HPLC analysis. As control groups, no peak was detected at the culture 
medium without TNT provided and the concentration of the medium including 0.44 mM of TNT 
without the strain shows no degradation of TNT. As the strain is grown in the medium, nitrite was 
released from the aromatic ring of TNT (Fig. 6b) was increased and the concentration of TNT also 
decreased to the concentration of ~0.18 mM (~40 mg/L), which shows more than half of TNT was 
degraded. 
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4. Discussion 
 
Through the series of process from enrichment and selection, isolation and identification, and 
grouping to finally confirmation TNT biodegradation and growth in TNT to screen the bacterial strain 
that have optimum biodegradability among the collected soil samples, we can select the D1-1 sample 
strain identified as the closest strain of Pseudomonas putida as representative strain in this study. 
Through the enrichment of the soil samples in the medium including explosives such as TNT, RDX, 
HMX, and DNT, we can isolate the bacterial strains expected to have biodegradability to the each 
explosive that they are enriched. The growth of certain bacterial strain in explosive-containing medium 
is directly related to its ability to degrade them, except the condition that the nitro compound-derived 
xenobiotic compounds cannot enter into the inside of the cell because the toxicity of nitro compound-
derived explosive is already known.30 After enrichment, we can also group and identify the dominant 
number of strains. In the process of enrichment, the bacterial strain has ability to grow better in limited 
and permitted specific culture condition becomes dominant number in the medium during several cycles 
of subculture.31 We can also select most dominant number of the strains as the representative strain, D1-
1 sample strain, by comparing similarity of 16S rRNA gene sequences based on more than 99 % of 
similarity. The number of grouped strains was 39 strains that occupy 59 % from the totally 66 selected 
strains followed by T1 sample strain, which of closest strain is Pseudomonas protegens, grouped with 
10 strains (15%) and T30 sample strain, closest strain as Cupriavidus basilensis, with 6 strains (9%). 
Eventually, D1-1 sample strain as representative strain of this study was grown in TNT-containing 
medium to confirm growth in TNT despite of its toxicity and biodegradation to TNT that can be 
followed by utilization as nitrogen source. 
 
4.1 Selection, identification and grouping 
In the medium including target molecule that we supplement as source of metabolic pathway, 
enrichment skill can make it screen that the bacterial strains that have the metabolic pathway related to 
target molecule and utilize it better in function for better growth become dominant. Thus, in the process 
to investigate the bacterial strain with optimum metabolism using the target molecule, enrichment 
through subculture is one of the easiest way to select the optimum strain in permitted culture condition 
by grouping the strains as dominant number in medium. After the enrichment through several cycles of 
subculture, we can expect that there are the strains which have better ability to utilize the target molecule 
as dominant number than minority of strains. However, to isolate the optimum strain as single strain, 
the comparison of characteristic or genotype of the species among the strains is required as confirmation 
step. Species-level grouping dominant number of strains can be achieved by the identification and 
comparison of similarity among the strains based on 16S rRNA gene analysis. In phylogenetic 
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classification of unknown bacteria, there are some methods to identify them such as analysis of the 
composition of cellular fatty acids and DNA hybridization. The foregoing method takes complex 
process and is time-consuming in the preparation of samples for analysis. 16S rRNA gene analysis for 
the identification can be done simply by PCR and sequencing. Moreover, we can easily analyze the 16S 
rRNA gene sequences and compare it to its similarity to the closest strain, based on the database of 
taxonomical affiliation provided in online resources.26 The similarity among the strains can be analyzed 
based on 16S rRNA gene sequences by simple alignment tool such as BLAST. 
 
4.2 Bioremediation of TNT in microorganisms 
In the bioremediation using microorganisms, complete removal of TNT by microbial degradation 
means the reduction and release of nitrogen functional group from the aromatic ring of TNT followed 
by the utilization as nitrogen source and the break of C-skeleton with nitro group detached, through 
amphibolic intermediates, finally producing CO2.6 However, the utilization of C-skeleton, mostly 
toluene, were rarely reported. Thus, the removal of nitro group from the aromatic ring of TNT is 
sufficient to lower the toxicity of TNT. In this study, D1-1 sample strain can grow in TNT-containing 
medium showing the release of surplus nitrite accumulated in the supernatant. In previous study, one of 
the NADPH-dependent nitro reductase enzyme participating in release of nitrite, xenobiotic 
nitroreductase B (XenB), is expressed commonly in Pseudomonas strains.11 The closest strain of D1-1 
sample strain is identified as Pseudomonas putida, so the strain is expected to be able to release nitrite 
ions from TNT. Except direct release of nitrite ion from TNT, nitro group can be reduced without release 
from TNT by various nitro reductase nonspecifically targeting nitro group.32 By the way of reduction 
of nitro group attached to aromatic ring of TNT into hydroxylamino and amino group, microorganism 
can reduce the toxicity of TNT. Eventually, ammonium reduced from nitrite or hydroxylamino and 
amino group attached to the aromatic ring can be released after the reduction from amino group can be 
utilized to nitrogen source. D1-1 sample strain shows the release of nitrite, which can be the trace of 
reduction of TNT. However, nitrite in culture supernatant is volatile and can be used in the cell as 
nitrogen source through reduced form, NH4-, thus, we cannot calculate the exact quantity of degraded 
TNT. Actual reduced concentration of TNT is required to be measured by quantitative analysis by HPLC. 
By HPLC analysis, TNT was biologically degraded from initial concentration of 0.44mM (100 mg/L) 
to approximately 0.18 mM (40 mg/L) when the strain is grown. It implies that more than half of TNT 
could be degraded into the reduced form of intermediates which are proved to be less toxic to the 
organisms at the aspect of toxicity and mutagenicity. Through this type of complex mechanisms in 
various microorganisms in biodegradation of TNT, TNT can be removed from its contaminated 
environment by bioremediation. 
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4.3 Utilization of TNT as nitrogen source and biodegradation of TNT 
In the experiment of growth in yeast extract-containing media, increased growth at final OD at 
stationary phase was shown according to the increased concentration of TNT provided. However, the 
composition of nutrient in the yeast extract-containing medium was not exactly calculated and there are 
various carbohydrates and amino acids. Thus, we cannot be sure that the difference of growth with final 
OD at stationary phase indicate the TNT because there are no exact limitation of nitrogen source. In the 
experiment that confirm the utilization of TNT as sole nitrogen source, the culture medium with limited 
nitrogen source and sufficient supplement of carbon source was made up. Totally, four dependent 
medium was composed of i) no nitrogen source without NH4Cl and TNT, ii) only TNT and no NH4Cl, 
iii) only NH4Cl and no TNT, and iv) both NH4Cl and TNT. As a control group, the culture medium 
having no nitrogen source without NH4Cl and TNT shows the growth by using the remaining nutrient 
when inoculated into fresh culture media including only carbon source and no nitrogen source. The 
culture medium having only TNT as sole nitrogen source shows the growth as above 0.4 of the final 
OD at the stationary phase, compared to control group. Similar pattern in growth was shown in the 
culture medium having 5 mM NH4Cl. However, the culture medium having additional TNT provided, 
shows increased growth after 140 h. Nitro group released from the aromatic ring of TNT can be utilized 
as nitrogen source in the growth of bacterial strain that can degrade TNT, which can be further reduced 
to ammonium ion and utilized through ammonium-utilizing metabolic pathway after the ammonium 
ion from 5 mM NH4Cl was all used up33. In conclusion, D1-1 sample strain can utilize TNT as sole 
nitrogen source with slow growth rate. 
 
4.4 Future research plan 
As described in the mechanism about biodegradation of TNT, there are various intermediates present 
in microorganisms and produced by degradation of TNT as the diverse reduced form in complex 
mechanisms in various microorganisms. In growth study, the nitrite ions were released and accumulated 
in the supernatant and the degradation of TNT was observed by quantitative analysis using HPLC. Thus 
we can recognize the increased concentration of nitrite in culture medium and the reduced concentration 
of TNT as the trace of biodegradation of TNT. However, there are other pathway about reduction of 
nitro group attached to the aromatic ring of TNT without releasing. In the case, quantitative analysis for 
metabolites from reduced TNT using LC-MS is required to know the mechanism of biodegradation.34 
By analyzing the intermediates produced in the biodegradation, we can suggest bases for opinion that 
D1-1 sample strain can degrade TNT biologically through various TNT-degradation pathway. In 
previous studies, Pseudomonas strain is grown slowly in week-scale culture to reach its stationary phase 
and final OD at stationary phase is highly low around 0.5-0.6 when incubated in the medium containing 
only use of TNT as nitrogen source with supplement of carbon source in minimal media the although 
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pseudomonas strain can grow in TNT as sole nitrogen source.29,35 Therefore, the adaptation to utilize 
TNT as sole nitrogen source more efficiently will be planned to overcome the slow growth. In the 
presence of TNT, we want to find the promoter expressing the gene of downstream or related 
transcription factor to synthesize biosensor which can detect nitro compound-derived explosives and 
signals. It can make it possible to manage the position of polluted areas and purify the polluted 
environment such as soil and groundwater. 
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5. Conclusions 
 
In conclusion, we isolated and selected the representative strain, D1-1 sample strain, as dominant 
number of strains after enrichment and grouping, which can grow in TNT-containing medium with 
showing the release of nitrite by nitrite assay and reduced concentration of TNT by HPLC analysis as 
the trace of biodegradation of TNT. Moreover, D1-1 sample strain shows higher growth at stationary 
phase when TNT is provided into the yeast extract-containing medium than in the medium without TNT 
and utilization of TNT as sole nitrogen source when nitrogen source is limited in the minimal medium, 
which imply the strain can utilize TNT as nitrogen source. In this study, we investigate the strain as 
dominant number of strains, which can be considered as optimum strain among 66 sample strains. 
However, the growth is extremely low when the strain utilize TNT as sole nitrogen source. Therefore, 
further study will be focused on the utilization of TNT as sole nitrogen source through adaptation. 
Eventually, we expect that the D1-1 sample strain in my study can be applied to manage and purify the 
TNT-contaminated soil. 
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